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1. [bookmark: _Ref441342277]Introduction 
The technical report on new radio requirements, TR38.913 [1], contains a total of ten deployment scenarios, with additional frequency and inter-site distance variants. While each individual deployment scenario and variant is interesting, a concern is that the work associated both with showing compliance with potential requirements and evaluating technology components for each scenario could become very large. At RAN1#84bis, five of these scenarios were discussed and further defined in terms of additional parameters [5] e.g transmission power, noise figures etc. 
When a feature component is to be evaluated, then these agreed scenario parameters in [5] can be used as a starting point, and additional assumptions can be added, which are more feature specific. For example, if MIMO is to be evaluated in Dense Urban, then the scenario parameters from [5] are complemented or modfied with e.g. antenna array dimensions or new traffic models. 
This contribution contains proposals for making the evaluations work reasonable, while still covering the core aspects of the design of the new radio..
2. The Ten Deployment Scenarios 
There are ten deployment scenarios currently included in TR 38.913, many of which have different frequency options and inter-site distance options although RAN1 has narrowed down some parameters for five of the scenarios in [5]. For development and evaluation of technology components, the deployment scenarios in TR 38.913 have an optional meaning (RAN acknowledges the existence of the deployment scenario). For such purposes, the working groups, mainly RAN1, should be free to select a subset of the deployment scenarios in TR 38.913, or if needed define complementary scenarios.   
The actual use of the deployment scenario is handled by a mapping between requirements and deployment scenarios. This is done per requirement in the requirements chapter of the TR, so that a certain requirement is mapped to a subset of deployment scenarios. 
In our view, the ten deployment scenarios should be mapped to requirements and performance indicators as described below for making the evaluations work reasonable, while still covering the core aspects of the design of the new radio. 
· Indoor Hotspot, Dense Urban, Rural, and Urban Macro are used for evaluations, by means of system-level simulations, of eMBB cell/TRP spectral efficiency, 5th percentile user spectral efficiency, area capacity, and user experienced datarate.
· The High Speed Train scenario is used to extract an operating point in terms of SNR to subsequently be used in link simulations for eMBB
· The Extreme Rural scenario(s) with 100km range is used for single-cell system level evaluations of achievable traffic density for eMBB. 
· The extreme rural scenarios with other ranges are handled by means of link budgets, indicating e.g. what propagation characteristic and antenna arrangements would lead to the desired datarates. 
· For mMTC, connection density is evaluated analytically and capacity evaluations are optional 
· Reliability for URLLC is evaluated by means of link simulations. The operating point (SNR) can be derived from a deployment scenario.
· Energy efficiency can be evaluated numerically for relative comparisons of relevant system design alternatives   


3. Preliminary Link Budgets for the Deployment Scenarios 
[bookmark: _GoBack]In this chapter preliminary link budgets for a subset of the deployment scenarios are presented. The link budgets are based on the assumptions on inter-site distances, frequency bands and base station antenna elements so far available in TR 38.913. These have been complemented with own assumptions on number of UE antenna elements (a fraction of those in TR 39.813 based on that some might be shadowed), element gains, transmit powers, noise figures, fade and interference margins, and link performance. The propagation models are based on the text proposals for TR 38.900 [4]. Non-line of sight conditions is assumed. For the Dense Urban, Urban Macro and Rural scenarios frequency dependent wall loss models for an ‘old building’ are used. In addition, a 5dB indoor pathloss is assumed, originating e.g. from an indoor distance of 10m and a loss of 0.5dB per meter. It should be noted that the Rural Macro model is valid up to 5000m so the Extreme Rural scenarios are out of range. The SINRs are mapped to datarate using the Shannon channel capacity formula with a 2dB SINR loss, a 30% bandwidth overhead, and a cap of 8.4bps/Hz. 
Although many assumptions are open, based on the achievable datarates, some interesting observations can be made:
· For indoor, 70GHz appears feasible. If this is confirmed, there is no need to simulate 4 and 30GHz.
· For the dense urban macro layer, 30GHz appears to work well in downlink, but coverage is challening in uplink. Hence, requirements on spectral efficiency, which are for single-band and single-layer, should be set and evaluated for 4GHz. Micro cells and 30GHz should be added to show what gain are achievable in area capacity and user throughput. This is in line with the agreements in [5].
· For Urban Macro 4GHz works well in downlink and uplink. 30GHz works well in downlink but not in uplink. 30 GHz needs aggregation with lower bands.
· For rural macro, the combination of 1732m ISD and 0.7GHz results in very good coverage, which might not be what is intended with the scenario. The combinations 1732m ISD and 4GHz is more challenging and should be used in evaluations.  
· With the assumed propagation models, the Extreme Rural scenarios result in low, but perhaps useable datarates. 
For system design, it is important to select one interference-limited and one-coverage limited scenario, and depending on technology components under study multi-layer and multi-band scenarios. Here the Dense Urban scenario seems like a good candidate, but the final selection could be done with the technology component study.  
Table 2: Preliminary link budgets for the deployment scenarios in 38.913 
 [image: ]
4. General Coverage Target 
Using the same link budget methodology as in the previous chapter, achievable datarates for given coupling loss values can also be estimated. Some examples are included in Table 2. For a coupling loss of 143dB a downlink datarate of around 1Mbps and an uplink datarate of some tens of kbps are achieved. This coupling loss is similar to what the LTE control channels support, and the datarates achieved are also in the same order. If the new radio is designed to support this coupling loss, it would enable reuse of existing LTE sites and antennas, on the same frequency as LTE. Use of higher frequencies, better coverage (longer distance) and/or higher datarates would be supported by support for higher antenna gains.  
Based on this, it is proposed to 
Proposal: Design the new radio data and control channels to support a coupling loss of 143dB.  
The other examples may be used to assess in what scenarios certain datarates are achievable. For example, downlink and uplink datarates of 110 and 5Mbps respectively are achieved for a 120dB coupling loss. Using frequency dependent propagation models together with the necessary assumptions on antenna gains etc in the link budget, it is easy to calculate what distances, frequencies, and terminal locations (e.g. indoor, outdoor) are supported.
[bookmark: _Ref447270611]Table 2: Preliminary link budgets for given coupling loss values 
[image: ]
5. Conclusion
To make the evaluations work reasonable and not jeopardize the standardization time plan, it is proposed to: 
1. Design the new radio data and control channels to support a coupling loss of 143dB.  
2. For showing compliance with requirements, limit the number of deployment scenarios for system simulations as far as possible. Indoor Hotspot, Dense Urban, Rural, and Urban Macro are used for such evaluations for eMBB
3. Cover the additional scenarios with link budgets. This involves establishing achievable datarates for different coupling loss values, which can then easily be transformed to distances, frequencies and terminal locations using propagation models. A special case is a general coupling loss target (e.g. 143dB) for which minimum datarates are achieved and all control channels work.  
4. For development and evaluation of technology components select relevant deployment scenarios per technology component. E.g. one interference-limited and one coverage-limited. Not all scenarios need to be evaluated.
As discussed in previous contributions, it is further proposed to: 
5. Extract reliability, delay and datarate requirements from the URLLC use cases and link quality from the associated deployment scenario, and evaluate the fulfilment of the requirements using link simulations. 
6. Make capacity evaluations for mMTC optional.  
7. Use numerical energy efficiency evaluation for relative comparisons of relevant system design alternatives.   
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Coupling gain [dB] (Gp+Gantbs+Gantue) -143,0 -140,0 -130,0 -120,0 -110,0

Bandwidth [MHz] 100 100 100 100 100

Downlink transmit power [dBm]

43 43 43 43 43

Received Power [dBm] -100,0 -97,0 -87,0 -77,0 -67,0

Noise figure [dB] 9,0 9,0 9,0 9,0 9,0

Noise power [dBm] -85,0 -85,0 -85,0 -85,0 -85,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0

SINR [dB] -18,0 -15,0 -5,0 5,0 15,0

Downlink datarate [Mbps] 1,00 1,99 18,29 110,47 306,78

Uplink transmit power [dBm]

23 23 23 23 23

Received Power [dBm] -120,0 -117,0 -107,0 -97,0 -87,0

Noise figure [dB] 5,0 5,0 5,0 5,0 5,0

Noise power [dBm] -89,0 -89,0 -89,0 -89,0 -89,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0

SINR [dB] -34,0 -31,0 -21,0 -11,0 -1,0

Uplink Datarate [Mbps] 0,03 0,05 0,50 4,92 40,87


image1.emf
Indoor Dense Urban Urban Macro Rural Macro Extreme rural

ISD [m] 20 20 20 200 200 500 500 1 732 1 732 5 000 5 000 173 205259 808433 013692 820

Frequency [GHz] 4 30 70 4 30 4 30 0,7 4 0,7 4 0,7 0,7 0,7 0,7

Bandwidth [MHz] 100 500 500 100 500 100 500 20 100 20 100 20 20 20 20

BS element gain [dBi] 8 5 5 8 5 8 5 8 8 8 8 8 8 8 8

BS # elements (per polarization) 128 128 128 128 128 128 128 32 128 32 128 128 128 128 128

BS antenna gain [dBi] (Gantbs) 29,1 26,1 26,1 29,1 26,1 29,1 26,1 23,1 29,1 23,1 29,1 29,1 29,1 29,1 29,1

Prop - Alfa (PL exp) 3,83 3,83 3,83 3,908 3,908 3,908 3,908 3,86 3,86 3,86 3,86 3,67 3,67 3,67 3,67

Prop - Beta (Loss at 1m,1GHz) [dB] 17,3 17,3 17,3 13,54 13,54 13,54 13,54 3,6 3,6 3,6 3,6 -8,8 -8,8 -8,8 -8,8

Prop - Gamma (freq dep) 2,49 2,49 2,49 2 2 2 2 2 2 2 2 2 2 2 2

Prop - Sigma (shadowing) 8,03 8,03 8,03 6 6 6 6 8 8 8 8 8 8 8 8

Range [m] 12 12 12 115 115 289 289 1 000 1 000 2 887 2 887 100 000150 000250 000400 000

Pathgain [dB] (Gp = Beta +alfa*range_dB+gamma*freq_dB) -73,0 -94,8-103,9 -106,2-123,7 -121,7-139,2 -116,4 -131,6-134,2-149,4 -171,4 -177,9 -186,0 -193,5

Wall gain (-loss) [dB] (Gw) 0 0 0 -11,7 -22,2 -11,7 -22,2 -9,0 -11,7 -9,0 -11,7 0,0 0,0 0,0 0,0

Indoor pathgain [dB] (Gi)  0 0 0 -5 -5 -5 -5 -5 -5 -5 -5 0 0 0 0

Fade margin [dB] (Gf) -4,0 -4,0 -4,0 -3,0 -3,0 -3,0 -3,0 -4,0 -4,0 -4,0 -4,0 -4,0 -4,0 -4,0 -4,0

UE element gain [dBi] 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

UE # elements 8 8 8 8 8 8 8 2 8 2 8 2 2 2 2

UE antenna gain [dBi] (Gantue) 14,0 14,0 14,0 14,0 14,0 14,0 14,0 8,0 14,0 8,0 14,0 8,0 8,0 8,0 8,0

Isotropic gain [dB] (Gp+Gw+Gi+Gf) -77,0 -98,8-108,0 -125,9-153,9 -141,4-169,5 -134,4 -152,3-152,2-170,1 -175,4 -181,9 -190,0 -197,5

Coupling gain [dB] (Gp+Gantbs+Gantue) -33,9 -58,7 -67,8 -82,8-113,8 -98,3-129,4 -103,4 -109,2-121,2-127,0 -138,4 -144,8 -153,0 -160,4

Downlink transmit power [dBm]

23 20 20 43 40 43 40 46 43 46 43 46 46 46 46

Received Power [dBm] -10,9 -38,7 -47,8 -39,8 -73,8 -55,3 -89,4 -57,4 -66,2 -75,2 -84,0 -92,4 -98,8 -107,0 -114,4

Noise figure [dB] 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0 9,0

Noise power [dBm] -85,0 -78,0 -78,0 -85,0 -78,0 -85,0 -78,0 -92,0 -85,0 -92,0 -85,0 -92,0 -92,0 -92,0 -92,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0

SINR [dB] 71,1 36,3 27,1 42,2 1,2 26,6 -14,4 31,6 15,8 13,8 -2,0 -0,4 -6,9 -15,0 -22,5

Downlink datarate [Mbps] 840 3 989 2 925 840 305 573 12 138 325 56 34 9 2 0 0,1

Uplink transmit power [dBm]

23 17 17 23 17 23 17 23 23 23 23 23 23 23 23

Received Power [dBm] -10,9 -41,7 -50,8 -59,8 -96,8 -75,3-112,4 -80,4 -86,2 -98,2-104,0 -115,4 -121,8 -130,0 -137,4

Noise figure [dB] 5,0 9,0 9,0 5,0 9,0 5,0 9,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0

Noise power [dBm] -89,0 -78,0 -78,0 -89,0 -78,0 -89,0 -78,0 -96,0 -89,0 -96,0 -89,0 -96,0 -96,0 -96,0 -96,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 1,0 1,0 1,0 1,0

SINR [dB] 75,1 33,3 24,1 26,2 -21,8 10,6 -37,4 12,6 -0,2 -5,2 -18,0 -20,4 -26,9 -35,0 -42,5

Uplink Datarate [Mbps] 840 3640 2577 563 2 214 0,1 51 48 4 1,0 0,1 0,0 0,00 0,00


